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URDG
'ULYLQJHUURUV/RVVRI
IDFLDOH[SUHVVLYLW\
((*
/DFNRIșZDYHV5HJXODUSDWWHUQVRIĮZDYHV
ZLWKFORVHGH\HV
7KUHVKROGIRUșUDWLR
VG 
6PDOOUDWLRRIșZDYHV5HJXODU
SDWWHUQVRIĮZDYHVZLWKFORVHGH\HV
7KUHVKROGVIRUșUDWLR
!VG 
VG 
+LJKUDWLRRIșZDYHV
/RVVRIĮUHJXODUSDWWHUQ
7KUHVKROG
!VG 
3(5&/26
6PDOO3(5&/26
/RZDQGIDVWEOLQNLQJ7KUHVKROG
VG 
3(5&/26LQFUHDVH0RUHIUHTXHQW
DQGVORZHUEOLQNV
7KUHVKROGV
!VG 
VG 
+LJK3(5&/26DQGVORZ
EOLQNV
7KUHVKROG
!VG 

7KRUDFLFHIIRUWGHULYHGGURZVLQHVVLQGH[
,QRUGHUWRFODVVLI\WKHVWDWHRIWKHGULYHUIURPWKHWKRUDFLFEDQGZHKDYHXVHGDQHZLQGH[EDVHGRQ
WKH FRPSDULVRQ EHWZHHQ WKH FKDUDFWHULVWLFV RI WKH UHVSLUDWRU\ VLJQDO ZKHQ D VXEMHFW LV DZDNH LW LV
VXSSRVHGWKDW LQWKLVVWDWHWKHUHVSLUDWLRQLVVWDEOHDQGPRUHRUOHVVSHULRGLFZLWKWKHFKDUDFWHULVWLFVRI
WKHVLJQDOGXULQJWKHGULYLQJSHULRG7KH7KRUDFLF(IIRUW'HULYHG'URZVLQHVVLQGH[7(''LVFRPSXWHG
DVIROORZV

7KHWKRUDFLFHIIRUWVLJQDO5HVSLVILUVWILOWHUHGXVLQJDVHFRQGRUGHU%XWWHUZRUWKORZSDVVILOWHUZLWKD
FXWRIIIUHTXHQF\RI+]

7KHILUVWWKUHHPLQXWHVRIDFTXLVLWLRQDUHGHYRWHGWRWKHVHDUFKRIDVHFRQGUHIHUHQFHZLQGRZZKHUH
WKHUHVSLUDWRU\VLJQDO LVPD[LPDOO\ VWDEOH ,QRUGHU WR LGHQWLI\ VRDVOLGLQJZLQGRZZLWKDGHOD\RIRQH
VDPSOHLVGLVSODFHGDORQJWKHILUVWWKUHHPLQXWHVDQGWKHIROORZLQJHVWLPDWRULVFRPSXWHGIRUHDFKVDPSOH

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
0LVWKHQXPEHURIVDPSOHVLQVLGHWKHZLQGRZ7KHHVWLPDWRUTXDQWLILHVWKHVWDELOLW\RIWKHYDULDQFHVR
WKHPD[LPXPRIVWDELOLW\FRUUHVSRQGVWRWKHZLQGRZWKDWKDVWKHPLQLPXPYDOXH2QFHWKHLQWHUYDOZLWK
PD[LPXPVWDELOLW\LVVHWWKHSHUFHQWLOHRI5HVSLQVLGHWKHLQWHUYDO7KLVREWDLQHG7KHUHVSLUDWRU\
SHULRG LV GHWHUPLQHGEUHDWKE\EUHDWKE\ LGHQWLI\LQJ WKH FURVVLQJVRI7KZLWKSRVLWLYH VORSH DFURVV WKH
ZKROHUHFRUGLQJDQGFRPSXWLQJ WKH WLPHLQWHUYDOEHWZHHQFRQVHFXWLYHFURVVLQJV7KH%%WLPHVHULHVLV
GHILQHG E\ WKHVH WLPH LQWHUYDOV 1H[W WKH VPRRWKHG %% WLPH VHULHV V%% LV REWDLQHG E\ DSSO\LQJ D
PRYLQJDYHUDJHILOWHURIUHVSLUDWRU\SHULRGV7KHEUHDWKLQJYDULDELOLW\VLJQDOLVREWDLQHGDV

     9%% Q V%% Q V%% Q    

7KLV YDULDELOLW\ LV VPRRWKHG DJDLQ ZLWK DQRWKHU PRYLQJ DYHUDJH ILOWHU RI  UHVSLUDWRU\ SHULRGV
REWDLQLQJWKHV9%%WLPHVHULHVDQGILQDOO\WKH7(''LQGH[IRUWKHUHVSLUDWRU\SHULRGQLVGHILQHGDV

  
UHI
V9%% Q7('' Q 9%%  

EHLQJ9%%UHIWKHPHDQYDOXHRI9%%LQVLGHWKHUHIHUHQFHZLQGRZ

 7(''LV WKHQDQLQGH[RIWKHVWDELOLW\RIWKHEUHDWKLQJIUHTXHQF\7RFODVVLI\ WKHVWDWHRIWKH
GULYHUDQGFRPSDUHZLWK WKH*6 WZRHPSLULFDO WKUHVKROGVKDYHEHHQREWDLQHG IURPSUHYLRXV VWXGLHV LQ
GULYLQJVLPXODWRUV7KHPHDQRI7(''P7(''KDVEHHQFRPSXWHGIRUHDFKPLQXWHRIWKHUHFRUGLQJ
)RUHDFKPLQXWHLIP7(''
x LVEHORZDSKDVHLVGHFLGHG
x LVEHWZHHQDQGDSKDVHLVGHFLGHG
x LVDERYHDSKDVHLVGHFLGHG
6WDWLVWLFDODQDO\VLV
)RU HDFK PLQXWH RI UHFRUGLQJ WKH SKDVHV REWDLQHG E\ WKH WKRUDFLF HIIRUW VLJQDO DQG WKH *6 ZHUH
FRPSDUHG LQ RUGHU WR HVWLPDWH WKH VHQVLWLYLW\ DQG VSHFLILFLW\ RI 7('' 7DEOH ,, VKRZV D V\PEROLF
DVVLJQPHQWWRLQWHUSUHWHTXDWLRQVWR,QWKHHTXDWLRQV%&VKRXOGEHLQWHUSUHWHGDVWKHQXPEHURI
WLPHVLQDOOUHFRUGLQJVWKDW7(''FODVVLILHGWKHPLQXWHDVDSKDVHZKLOH*6FODVVLILHGLWDVSKDVH
$FFRUGLQJWR7DEOH,,VHQVLWLYLW\6HQVDQGVSHFLILFLW\6SHFIRUHDFKSKDVHLVGHILQHGDV


$$6HQV $$ %$ &$    

%% %& &% &&6SHF %% %& &% && $% $&
         
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%%6HQV %% $% &%    

$$ && $& &$6SHF $$ && $& &$ %$ %&
         

&&6HQV && $& %&    

$$ %% $% %$6SHF $$ %% $% %$ &$ &%
         
7DEOH6\PEROLFDVVLJQPHQWIRUVHQVLWLYLW\DQGVSHFLILFLW\GHILQLWLRQ
*6 3+$6( 3+$6( 3+$6(
7(
''

3+
 $$ $% $&
3+
 %$ %% %&
3+
 &$ &% &&

7HVWVZLWKVRPQROHQFH
7KHDLPRIWKHVHWHVWVZDVIRUDGULYHUWRGULYHWKHFDUXQWLOKHRUVKHIHOODVOHHSEXWZLWKRXWDFFLGHQWRU
LQMXU\ WR WKH FDU RU GULYHU $OO WKH WHVWVPXVW EH GRQHPDLQWDLQLQJ WKH VDIHW\ RI WKH GULYHU DQG DOO WKH
SHUVRQQHOLQYROYHG7KHFDUZDVHTXLSSHGZLWKWKHVDPHLQVWUXPHQWDWLRQDVWKHWHVWVZLWKRXWVRPQROHQFH
DQGIXUWKHUPRUHZLWKVSHFLDOPHDVXUHVWRNHHSWKHGULYHUVDIH

7KHWHVWVZHUHGRQHGXULQJWKHQLJKWWRLQFUHDVHWKHHIIHFWRIWKHFLUFDGLDQUK\WKPVDQGZLWKDGULYHULQ
DVWDWHRIVOHHSGHSULYDWLRQWRHQVXUHWKHQRUHWXUQSRLQWZDVDFKLHYHGGXULQJWKHWHVW7KHGULYHUZDVRQO\
DOORZHG WR GULYH RQ WKH WHVW WUDFN WR DYRLG DFFLGHQWV EHIRUH WKH WHVW EHJDQ+RZHYHU WKHUH LV DOVR WKH
SRVVLELOLW\ WKDW WKHGULYHU GRHVQRW IDOO DVOHHSGXULQJ WKH WHVW VR WKH WHVWZLOO VWRSZKHQ WKHQLJKW VKLIW
ILQLVKHV

7KHWHVWVZHUHGHILQHGDVIROORZV
7KHFLUFXLW
7KHWHVWVZHUHGRQHLQRQHRI,',$'$¶VODUJHVWG\QDPLFSODWIRUPVZKLFKIRUPVDFRQHZLWKDP
GLDPHWHUFLUFOHLQVLGH7KHORQJVWUDLJKWVDQGZLGHFXUYHVPDGHWKHFLUFXLWYHU\PRQRWRQRXV7KHDLPLV
WRGULYHDVIDVWDVSRVVLEOHDQGWRWU\WRJHWDVLPLODU IHHOLQJDVRQDKLJKZD\ZKHUHVRPQROHQFHPRUH
IUHTXHQWO\DSSHDUV
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
)LJ)ORZFKDUWRIWKHWHVWSURFHVVLQFORVHGFLUFXLW
)RUDJLYHQEUDNHIRUFHZHREWDLQHGDGHFHOHUDWLRQRQRXUFDU)RUHYHU\GHFHOHUDWLRQFXUYHWKHUHLVDQ
DSSURSULDWHFLUFXLW$OOWKHGULYHUVIRXQGDPHGLXPGHFHOHUDWLRQFXUYHWREHVXLWDEOHEXWZHZHUHDEOHWR
PRGLI\LILWZDVWRRKDUG
6RPHEHQGVRUFRUQHUVWRFKHFNLIWKHFDSDELOLWLHVRIWKHGULYHUZHUHVWLOOFRUUHFWRUUHDFWLRQVWRRVORZ
ZHUHDOVRQHFHVVDU\7KHUHZDVRQO\RQHFDURQWKHG\QDPLFSODWIRUPQDPHO\RXUWHVWYHKLFOH
7KHURERW
$GULYLQJ URERW WDNHV FRQWURO DW WKHPRPHQW WKHGULYHU ORVHV LW7KLV URERW QRUPDOO\ FRQWUROV DOO WKH
SDUDPHWHUVDQGWKHGULYHUVXSHUYLVHVLWVEHKDYLRXUEXWLQWKHFDVHRIWKLVH[SHULPHQWLWVZLWFKHVUROHVDQG
WKHURERWVXSHUYLVHVWKHGULYHUZLWKDSURJUDPFUHDWHGHVSHFLDOO\IRUWKLVWHVW

7KLVSURJUDPZLOOVWDUWDWKUHDGZKLFKVWRSVWKHFDUZKHQWKHIROORZLQJFRQGLWLRQVDUHPHW

x 7KHYHKLFOHJRHVRXWRIDSUHGHILQHGDUHD7KLVPHDQVWKDWWKHGULYHUZDVQRWDEOHWRNHHSWKHFDURQ
WKHGHILQHGURXWH$FFRUGLQJWRWKHURERWEUDNLQJGLVWDQFHPLQLPXPGLVWDQFHVIURPWKHSHULPHWHURI
WKLVVDIHDUHDDQGWKHSHULPHWHURIWKHSODWIRUPDUHHVWDEOLVKHG7KHH[SHULPHQWLVILQLVKHGZKHQDQ
DFFLGHQWZRXOGDSSHDULQWKHUHDOZRUOG$VPDOOODQHGHSDUWXUHLVDOORZHGEHIRUHWKHURERWVWDUWV
EUDNLQJ

x 7KHYHKLFOHH[FHHGVDGHILQHGVSHHG7KLVLVPHDVXUHGE\WKH*36V\VWHPDQGLIWKLVVSHHGLV
H[FHHGHGWKHURERWZLOOQRWEHDEOHWRVWRSWKHFDUZLWKLQWKHSODWIRUP7KHGULYHUKDVORVWSHUFHSWLRQ
RIWKHVSHHGDQGWKLVFDQEHXQVDIH7KHH[SHULPHQWPXVWILQLVK1RORZHUOLPLWLVGHILQHG,IWKH
GULYHUPXVWVWRSWKHFDULWLVSRVVLEOHWRGRVRZLWKRXWVWRSSLQJWKHH[SHULPHQW

x 7KH*36ORFDWLRQRIWKHURERWKDVSRRUDFFXUDF\7KLVFDQEHXQVDIHDQGWKHH[SHULPHQWPXVWEH
VWRSSHG7KHURERWFKHFNVWKHDFFXUDF\RIWKH*36FRQWLQXRXVO\DQGZKHQLWLVRYHUFPLWVHQGVWKH
RUGHUWRVWRSDVLQWKHWZRFRQGLWLRQVDERYH

x 7KHFRPSXWHUZLWKWKHSURJUDPIDLOV,QWKLVFDVHWKHZDWFKGRJVTXDUHVLJQDOHPLWWHGE\WKHFRPSXWHU
ZLOOHLWKHUEHDOWHUQDWHGDPSOLWXGHRUIUHTXHQF\FKDQJHRUIXOO\VWRSSHG:KHQWKLVLVGHWHFWHGE\
WKHURERWWKHFDULVWKHQVWRSSHG

7KHFDULVVWRSSHGE\DFWXDWLQJLWVEUDNLQJV\VWHP7KHURERWGRHVWKLVZLWKDFRQWUROOHGGHFHOHUDWLRQ
ZKLFKEHJLQVJUDGXDOO\DQGHQGVPXFKKDUGHU7KH URERW LV VHWXS WR VWRSDFDUDWNPK LQRQO\
PHWHUVDQGKDVEHHQVSHFLDOO\PRGLILHGWREHQRQLQWUXVLYHDQGQRWGLVWXUEWKHGLYHU

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$QH[WUDVLJQDOLVUHFHLYHGZKHQWKHURERWDFWXDWHVLQRUGHUWRZDUQWKHWHDPVXSHUYLVLQJWKHWHVWDQGWR
ODXQFKDQDFWXDWRUZKLFKVWRSVWKHHQJLQHEHIRUHLWLVVWDOOHG


)LJ,PDJHRIWKHEUDNHSHGDORIWKHURERWPRXQWHGRQDFDUVRXUFH,',$'$
7KHHQYLURQPHQW
7KH HQWLUH HQYLURQPHQW PXVW UHFUHDWH WKH FRQGLWLRQV RI D QRUPDO URDG LQ RUGHU WR DFTXLUH WKH GDWD
UHODWHG WR GULYLQJ DQG WKH GULYHU PXVW EH PRQLWRUHG 6RPH URDGPDUNLQJV DUH SODFHG RQ WKH G\QDPLF
SODWIRUPZLWKWKUHHGLIIHUHQWLQWHQWLRQV
x 7RJXLGHWKHGULYHURQWKHWUDFN
x 7RWDNHGDWDRIWKHSRVLWLRQRIWKHFDULQVLGHWKHODQHZLWKD/':SURWRW\SH
x 7RFKHFNIURPRXWVLGHWKHWUDFNLIWKHGULYHULVGRLQJWKHWHVWFRUUHFWO\
7KHPDUNLQJVPXVWEHUHPRYDEOHDQG WKHG\QDPLFSODWIRUPUHDG\ WR WHVWZLWKRWKHUFOLHQWV LQD IHZ
PLQXWHV %HVLGHV WKH WHVW FRQGLWLRQV DOO WKH RWKHU PHDVXUHPHQW LQVWUXPHQWDWLRQ PXVW ZRUN FRUUHFWO\
WKURXJKRXW WKH H[SHULPHQW EHFDXVHZH QHYHU NQRZZKHQ WKH GULYHUZLOO IDOO DVOHHS DQG WKHVH DUH WKH
PRVWLPSRUWDQWGDWD
([WUDVDIHW\PHDVXUHV
6RPHH[WUD VDIHW\PHDVXUHVPXVWEH WDNHQGXH WR WKH VSHFLDOFRQGLWLRQVRI WKHVH WHVWV$OWKRXJK WKH
GULYHU LV DORQH LQ WKH FDU KHPXVW EH FRQVWDQWO\ VXSHUYLVHG E\ SHUVRQV RQ WKH WUDFN WDNLQJ FDUH RI KLV
VDIHW\$WHDPQHYHUDSHUVRQDORQHVXSHUYLVHVWKHH[SHULPHQWIURPDKLJKSRLQWZKLFKJLYHVDIXOOYLHZ
RIWKHWUDFN

7KHFDUKDVDQHPHUJHQF\EUDNHV\VWHPZKLFKZRUNVGLUHFWO\RQ WKHFDOLSHUVZLWKRLOSUHVVXUH7KLV
EUDNHLVWRWDOO\LQGHSHQGHQWIURPWKHURERWDQGFDQRQO\EHRSHUDWHGE\WKHSHRSOHRXWVLGHYLD:L)L7KH
ZD\RIDFWXDWLQJLVIXOOEUDNHVRWKHIRUFHRQWKHGULYHULVKLJKHUEXWWKHEUDNHGLVWDQFHVPDOOHUDERXW
PHWHUV ZKHQ GULYLQJ DW  NPK 2QFH WKH EUDNH LV DFWXDWHG WKH FDU LV EORFNHG DQG WKH H[SHULPHQW
ILQLVKHG7KHHPHUJHQF\EUDNHPXVWEHUHORDGHGPDQXDOO\ZLWKDVSHFLDOWRRO7KHHQJLQHLVDOVRVWRSSHG
ZKHQWKLVV\VWHPDFWXDWHVVLQFHLWDFWXDWHVGLUHFWO\RYHUWKHZKHHOVRIDPDQXDOWUDQVPLVVLRQFDU

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
)LJ,PDJHRIWKHHPHUJHQF\EUDNHPRXQWHGRQDFDUVRXUFH,',$'$
7KHSHRSOHRXWVLGHDOVRNQRZZKHQWKHURERWLVDFWLQJVRLIWKH\UHFHLYHWKLVVLJQDOEXWWKHFDUGRHV
QRW FKDQJH LWV EHKDYLRXU LW PHDQV WKDW D IDLOXUH H[LVWV DQG WKH\ PXVW VWRS WKH H[SHULPHQW ZLWK WKH
HPHUJHQF\EUDNH%HIRUH HYHU\ WHVW D VDIHW\SURWRFROPXVW EH IROORZHGE\ WKHSHUVRQDO LQYROYHG LQ WKH
H[SHULPHQW 7KH URERW PXVW DFWXDWH ZKHQ DOO WKH IRXU FRQGLWLRQV DUH PHW RQH E\ RQH )LQDOO\ WKH
HPHUJHQF\EUDNHPXVWEHFKHFNHGDQGUHORDGHG7KLVSURFHGXUHKDVWZRJRDOVWKHILUVWRQHLVWRFKHFNDOO
WKHV\VWHPVLQYROYHGDQGWKHVHFRQGWRPDNHWKHGULYHUFRQILGHQWDERXWDOOWKHV\VWHPVPRXQWHGRQWKH
FDU
5HVXOWV
)LJXUHVKRZVDQH[DPSOHRIWKHSHUIRUPDQFHRI7(''IRUDVXEMHFWZLWKRFFDVLRQDOGURZVLQHVVDQG
ILJXUH  D VXEMHFW WKDW LV DOZD\V DOHUW 7KH GULYHU¶V VWRSV DORQJ KLVKHU URXWH DUH HDVLO\ UHFRJQL]DEOH
EHFDXVH WKH WKRUDFLF HIIRUW VLJQDO LV ]HUR GHQRWLQJ GLVFRQQHFWLRQ RI WKH LQGXFWLYH EDQG 7KH GURZV\
VXEMHFWLVVSHFLDOO\IDWLJXHGDWWKHVWDUWRIWKHUHFRUGLQJDQGLPSURYHVWKHSHUIRUPDQFHDIWHUWKHILUVWVWRS
%HIRUHWKHILUVWVWRSWKHYDOXHVRI7(''DUHVRPHWLPHVRYHUDQGDYHUDJHDURXQG9DOXHVDERYHDUH
FRQVLGHUHG3KDVHGURZVLQHVV$IWHUWKHILUVWVWRSWKHYDOXHVDUHDELWORZHU9DOXHVEHWZHHQDQGDUH
FRQVLGHUHG3KDVHIDWLJXH

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'LVFXVVLRQDQGFRQFOXVLRQV
7KH UHVXOWV FRQILUPHG WKH YLDELOLW\ RI GURZVLQHVV GHWHFWLRQ ZKLOH GULYLQJ XVLQJ WKH WKRUDFLF HIIRUW
VLJQDO7KH3KDVHVWDWHVKRZVDORZHUVHQVLWLYLW\EHFDXVHLWLVDWUDQVLWLRQ]RQH

6RPHPLVGHWHFWLRQVRIWKHDOJRULWKPPD\EHGXHWRWKHLQWHUVXEMHFWYDULDELOLW\RIWKH WKRUDFLFHIIRUW
VLJQDO,QRUGHUWRYHULI\WKLVIXWXUHZRUNZLOOWHVWLIWKHWKUHVKROGVRQP7(''FDQEHDGDSWHGWRWKHERG\
PDVVLQGH[RIWKHVXEMHFWXQGHUPHDVXUHPHQW

7('' DYRLGV PDQ\ SLWIDOOV RI 3(5&/26 WKDW LV KLJKO\ LQIOXHQFHG E\ VXQOLJKW RU WKH ZHDULQJ RI
VXQJODVVHV7KHUHFRUGLQJVLQUHDOYHKLFOHVDQDO\]HGLQWKLVSDSHUGLGQRWVKRZDQ\DGYHUVHHIIHFWLQWKH
UHVXOWVGXHWRYLEUDWLRQVDQGPRYHPHQWGXHWRGULYLQJ

7KH WKRUDFLFEDQG LVD UREXVWVHQVRU WKDW LV VHQVLWLYH WRFKDQJHV LQ WKHHQWLUH WKRUDFLFFRQWRXUZKLOH
RWKHUVHQVRUVWKDWPHDVXUHGLVSODFHPHQWRIWKHWKRUDFLFZDOOLHUDGDUZLOOEHPRUHVHQVLWLYHWRYLEUDWLRQV
DQG ERG\PRWLRQ )XUWKHU ZRUNZLOO IRFXV RQ XQREWUXVLYHPHDVXUHPHQW RI WKH UHVSLUDWRU\ VLJQDO XVLQJ
ELRLPSHGDQFHWHFKQLTXHVLQRUGHUWRDYRLGWKHXVHRIWKHLQGXFWLYHEDQG

7KHUHVXOWVVKRZWKDW7(''PD\EHDSURPLVLQJLQGH[WRDVVHVVWKHDOHUWQHVVVWDWHRIUHDOGULYHUV


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,QVXUDQFH %XUHDX RI &DQDGD 5RDG 6DIHW\
KWWSZZZLEFFDHQ%H6PDUW%H6DIH5RDGB6DIHW\'ULYHUB'LVWUDFWLRQDVS
6LHJPXQG*3.LQJ'-\0XPIRUG'.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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
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)LQDOUHSRUWVXSSOHPHQW±
WDVN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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
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
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